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In this paper the connection between the dipole moment tensor D ab and the spin four-tensor S ab is formulated in the form of the generalized UhlenbeckGoudsmit hypothesis, D ab = g S S ab . It is also found that the spin four-tensor S ab can be decomposed into two 4-vectors, the usual "space-space" intrinsic angular momentum S a , which will be called 'magnetic' spin (mspin), and a new one, the "time-space" intrinsic angular momentum Z a , which will be called 'electric' spin (espin). Both spins are equally well physical quantities. Taking into account the generalized Uhlenbeck-Goudsmit hypothesis, the decomposition of S ab and the decomposition of D ab into the dipole moments m a and d a we find that an electric dipole moment (EDM) of a fundamental particle, as a four-dimensional geometric quantity, is determined by Z a and not, as generally accepted, by the spin S. Also it is proved that neither the T inversion nor the P inversion are good symmetries in the 4D spacetime. In this geometric approach only the world parity W , W x a = −x a , is well-defined in the 4D spacetime. Different shortcomings in EDM experiments are discussed. One of the main shortcomings is that in all experiments the usual transformations of the 3D fields E and B (A. Einstein, Ann. Physik 17, 891 (1905) ) are always considered as that they are relativistically correct Lorentz transformations (LT) of E and B. However, as proved in, e.g., T. Ivezić, Found. Phys. Lett. 18, 301 (2005) , these transformations are not the LT and they drastically differ from the LT of the relativistically correct 4D electric and magnetic fields. This is an essential reason why the fact that no EDM has yet been found does not mean that there is no EDM of the size predicted in this paper. The other reasons are also discussed.
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Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows and only a kind of union of the two will preserve an independent reality. H. Minkowski
In this geometric approach it is considered that an independent physical reality, as in Minkowski's statement, is attributed to the four-dimensional (4D) geometric quantities and not, as usually accepted, to the 3D quantities. Different 4D geometric quantities are introduced in Sec. 2. There, using a general rule for the decomposition of a second rank antisymmetric tensor, the dipole moment tensor D ab is decomposed into the electric dipole moment (EDM) d a and the magnetic dipole moment (MDM) m a , Eq. (2). The main results are obtained in Sec. 3 . It is shown, using the same rule, that the spin four-tensor S ab can be decomposed into two 4-vectors, the usual "space-space" intrinsic angular momentum S a , which will be called 'magnetic' spin (mspin), and a new one, the "time-space" intrinsic angular momentum Z a , Eq. (9), which will be called 'electric' spin (espin). Then, the connection between D ab and S ab is formulated in the form of the generalized Uhlenbeck-Goudsmit hypothesis, D ab = g S S ab , Eq. (10) . It is shown, Eq. (11) , that an EDM of a fundamental particle, as a 4D geometric quantity, is determined by the espin Z a and not by the spin S. (The vectors in the 3D space will be designated in bold-face.) Eq. (11) also shows that a MDM of a fundamental particle is determined by the mspin S a . In Sec. 4 it is proved that neither the T inversion nor the P inversion are good symmetries in the 4D spacetime. In this geometric approach only the world parity W , W x a = −x a , is well-defined in the 4D spacetime. Hence, in this approach, the existence of an EDM is not connected in any way with T violation, or, under the assumption of CPT invariance, with CP violation. In Sec. 5 the obtained results are used to discuss recent experimental searches for a permanent EDM of particles and different shortcomings in interpretations of the results of measurements are considered. It is shown that the fact that no EDM has yet been found does not mean that there is no EDM of the size predicted by Eq. (11) . The reasons for such an assertion are discussed in detail in Secs. 5 and 6. In short, the main reason is that in all experiments the usual 3D quantities, e.g., E, B, d, m, are measured and their relativistically incorrect transformations are used, but not the relativistically correct 4D geometric quantities, e.g., E a , B a , d a , m a , and their Lorentz transformations (LT). In Sec. 7 the conclusions are briefly presented.
4D GEOMETRIC APPROACH
We shall deal with 4D geometric quantities that are defined without reference frames. They will be called the absolute quantities (AQs), e.g., the 4-vectors of the electric and magnetic fields E a and B a , the electromagnetic field tensor F ab , the dipole moment tensor D ab , the 4-vectors of the EDM d a and the MDM m a , etc. In the following we shall rely on the results and the explanations from Ref. 1 
The frame of "fiducial" observers is the frame in which the observers who measure E a and B a are at rest. That frame with the standard basis {e µ } in it is called the e 0 -frame. (The standard basis {e µ ; 0, 1, 2, 3} consists of orthonormal 4-vectors with e 0 in the forward light cone. It corresponds to the specific system of coordinates with Einstein's synchronization (3) of distant clocks and Cartesian space coordinates x i .) In the e 0 -frame v a = ce 0 , which, with (1), yields that E 0 = B 0 = 0 and E i = F i0 , B i = (1/2c)ε ijk0 F jk . Therefore E a and B a can be called the "time-space" part and the "space-space" part, respectively, of F ab . The reason for the quotation marks in "time-space" and "space-space" will be explained in Sec. 4 .
In fact, as proved in, e.g., Ref. 4 , any second rank antisymmetric tensor can be decomposed into two 4- 
with d a u a = m a u a = 0. In the particle's rest frame (the K ′ frame) and the {e ′ µ } basis u a = ce ′ 0 , which, with (2), yields that d
Therefore d a and m a can be called the "time-space" part and the "space-space" part, respectively, of D ab . In this geometric approach the interaction term in the Lagranian for the interaction between F ab and D ab as 4D AQs can be written as the sum of two terms, (1) 
Observe that every term on the rhs of (3) contains both velocities u a and v a . This fact differs (3) from all previous expressions for the interaction between dipole moments and the electric and magnetic fields. As seen from the last two terms they naturally contain the interaction of E a with m a , and B a with d a , which are required for the explanations of the Aharonov-Casher effect and the Röntgen phase shift, (1, 5) and also of different methods of measuring EDMs, e.g., such one as in Ref. 6 . Moreover, there is no need for any transformation. We only need to choose the laboratory frame as the e 0 -frame and then to represent the AQs E a , m a and B a , d a in that frame. The relation (3) and its comparison with the usual expressions for the interaction between dipole moments and the electric and magnetic fields are more discussed in Sec. 6.1.
Furthermore, it is shown in Ref. 7 that the angular momentum four-tensor Ref. 7 the bivector M = x ∧ p) can be decomposed into the "space-space" angular momentum of the particle M a s and the "time-space" angular momentum M a t (both with respect to the observer with velocity v a ) 
(for the boost in the +x -direction). The components of B (and of E) are transformed in the same way, see Ref. 9 Eq. (11.148), e.g.,
The essential point is that in both equations, (5) and (6), the transformed components,
It is recently proved (10) that the usual transformations of E, B, Ref. 9 Eqs. (11.148) and (11.149), are not the Lorentz transformations (LT) (the boosts) but the "apparent" transformations (AT), which do not refer to the same 4D quantity. As proved in Ref. 10 the usual transformations, i.e., the AT, are not relativistically correct transformations, see also Sec. 6.1 here. A short proof is given in [1] as well. A simplified and more pedagogical version of that proof is given in the fourth paper in Ref. 10 (geometric algebra formalism). It is recently published in Croatian journal Fizika A (Zagreb) (on-line at: http:/fizika.phy.hr). Similarly it is proved in Ref. 7 (and Ref. 12 ) that the transformations of L, Eq. (11) in Ref. 8 , and of other 3D quantities, are also the AT and not the LT. For the term AT see Ref. 11 in which it is proved that the Lorentz contraction has nothing to do with the LT, i.e., that the Lorentz contraction is an AT and not the LT. In the geometric approach, (7, 12) a physical reality is attributed to the whole M ab or, equivalently, to the angular momentums M For example, components B µ transform by the LT as
and it holds that B a = B µ e µ = B ′µ e ′ µ . The fundamental difference between the LT (7), (8) and the corresponding AT (5), (6) Similarly, in Ref. 12 , it is proved that the treatment with 4D angular momentums and the 4D torques is in a true agreement (independent of the chosen inertial reference frame and of the chosen system of coordinates in it) with the Trouton-Noble experiment. The true agreement with experiments, when using 4D AQs, is also obtained in the second paper in Ref. 10 (the motional electromotive force), in the third paper in Ref. 10 (the Faraday disk) and also in Ref. 13 . There, (13) the well-known experiments are discussed, the "muon" experiment (see also Sec. 6.1 here, the discussion of g-2 experiments), the Michelson-Morley type experiments, the Kennedy-Thorndike type experiments and the Ives-Stilwell type experiments. This true agreement with experiments directly proves the physical reality of the 4D geometric quantities. It is also shown in the mentioned papers (Refs. 12, 10, 13) that the agreement between the experiments that test special relativity and Einstein's formulation of special relativity, (3) which deals with the AT (the AT of synchronously defined spatial length , i.e., the Lorentz contraction and the AT of temporal distance, i.e., the conventional dilatation of time and the AT of components of the 3D E and B) is not a true agreement since it depends on the chosen synchronization, e.g., Einstein's synchronization (3) or a drastically different, nonstandard, radio ("r") synchronization. For different synchronization see also Ref. 14, particularly the second paper there, and Sec. 4 here.
GENERALIZED UHLENBECK-GOUDSMIT HYPOTHESIS; "TIME-SPACE" INTRINSIC ANGULAR MOMENTUM, ESPIN, AND THE INTRINSIC EDM
The above consideration can be directly applied to the intrinsic angular momentum, the spin of an elementary particle. In the usual approaches, e.g., Ref.
9 Sec. 11.11 A., the relativistic generalization of the spin S from a 3-vector in the particle's rest frame is obtained in the following way: "The spin 4-vector S α is the dual of the tensor S αβ in the sense that S α = (1/2c)ε αβγδ u β S γδ , where u α is the particle's 4-velocity." The whole above discussion about F ab , D ab (2) and particularly about M ab (4) (spin is also an angular momentum) implies a more general geometric formulation of the spin of an elementary particle. In analogy with Refs. 7 and 12 we conclude that the primary quantity with definite physical reality for the intrinsic angular momentums is the spin four-tensor S ab , which can be decomposed into two 4-vectors, the usual "space-space" intrinsic angular momentum S a , the mspin, and the "time-space" intrinsic angular momentum Z a , the espin,
where u a = dx a /dτ is the 4-velocity of a particle and it holds that S a u a = Z a u a = 0; only three components of S a and Z a in any basis are independent. S a and Z a depend not only on S ab but on u a as well. Only in the particle's rest frame, the K ′ frame, and the {e
The definition (9) essentially changes the usual understanding of the spin of an elementary particle. It introduces a new "timespace" spin Z a , the espin, which is a physical quantity in the same measure as it is the usual "space-space" spin S a , the mspin. In Ref. 15 it is asserted: "For an elementary particle, the only intrinsic direction is provided by the spin S. Then its intrinsic µ = γ S S and its intrinsic d = δ S S, where δ S is a constant." (In Ref. 15 the unprimed quantities are in the particle's rest frame.) Thus, both the MDM m ′ and the EDM d ′ (our notation) of an elementary particle are determined by the usual 3D spin S ′ . In the usual approaches such result is expected because only the "space-space" intrinsic angular momentum is considered to be a well-defined physical quantity. In contrast to Ref. 15 , and other usual approaches, we consider that the intrinsic direction in the 3D space is not important in the 4D spacetime, since it does not correctly transform under the LT. As already explained, in this geometric approach a definite physical reality is attributed to S ab , or to S a and Z a taken together, see (9) , in the same way as it holds for the angular momentum fourtensor M ab and the angular momentums M Furthermore, in the usual approaches there is a connection between the 3D magnetic moment m and the 3D spin S, m = γ S S. It is well-known UhlenbeckGoudsmit hypothesis. (16) The whole above consideration suggests that instead of the above connection between the 3D m and S we need to have the connection between the dipole moment tensor D ab and the spin four-tensor S ab . Obviously it has to be formulated in the form of the generalized Uhlenbeck-Goudsmit hypothesis as
Taking into account the decompositions of D ab (2) and S ab (9) we find the connections between the dipole moments m a and d a and the corresponding intrinsic angular momentums S a and Z a , respectively, in the form which essentially differs from all usual approaches, e.g., Ref. 15 ,
In the particle's rest frame and the {e
Comparing this last relation with m = γ S S we see that g S = γ S /c. Thus, the intrinsic MDM m a of an elementary particle is determined by the mspin S a , while the intrinsic EDM d a is determined by the espin Z a ; the names mspin and espin come from the connections given by (11) . The relations (10) and (11) say that any fundamental particle has not only the intrinsic MDM m a , but also the intrinsic EDM d a whose magnitude is (1/c) of that one for m a . We repeat once again that, in this theory, the existence of the intrinsic EDM d a is obtained from the assumption that the primary quantities (with independent physical reality) are the spin four-tensor S ab and the dipole moment tensor D ab , which can be decomposed according to relations (9) and (2), respectively. Then the usual connection between the 3D m and S is generalized to the relations (10) and (11) . The EDM obtained in this way is of quite different physical nature than in the elementary particle theories, e.g., in the standard model and in SUSY. There, an EDM is obtained by a dynamic calculation and it stems from an asymmetry in the charge distribution inside a fundamental particle, which is thought of as a charged cloud. Here, as already said, the EDM d a , see (11) , emerges from the connection with the intrinsic angular momentum Z a , i.e., from (10) and (2), (9 (9) and (10), respectively. The first important difference is that our approach deals with 4D geometric quantities that are defined without reference frames, i.e., with the 4D AQs. Hence our equations hold for any reference frame and for any chosen system of coordinates in it. Westpfahl deals only with components implicitly taken in the standard basis; thus only Einstein's synchronization is considered, see the next section for a nonstandard synchronization. Furthermore, it can be easily seen from Westpfahl's formulas (3.15d) (9) and (10) . However, for comparison, one has to take only components in the standard basis from the 4D AQs. In Ref. 19 an EDM of the electron is associated with the infinitesimal generator of the Lorentz boost and, as usual, the MDM of the electron is associated with the infinitesimal generator of the 3D spatial rotation. This corresponds to our relation (11), but in Ref. 19 the authors deal only with components implicitly taken in the standard basis and finally with the 3D quantities, E, B, p, A, etc. Such an approach cannot work when some nonstandard synchronization, e.g., the "r" synchronization from the next section, is used. An interesting application to spintronics of that EDM of the electron is presented in Ref. 19 . In our approach the spin-orbit interaction is a part of (3) when (10) and (11) are inserted in it. This will be treated elsewhere. In, e.g., Ref. 20, a version of noncomutative quantum electrodynamics is presented. It differs very much from this work, but there it is also concluded that any particle, besides usual "charges," has also a momentum dependent electric dipole moment.
In addition, let us find the equation of motion for the spin four-tensor S ab . The rest frame equation of motion for the usual 3D spin S is given, e.g., by Eq. (11.101) or Eq. (11.155) in Ref. 9 , which we write as
where all quantities are in the particle's rest frame, the K ′ frame, and the Uhlenbeck-Goudsmit hypothesis, (16) (12) is presented and it refers to the spin 4-vector S µ (components in the {e µ } basis). However, in the geometric approach presented here the relation m = γ S S is generalized, Eq. (10), replacing the 3D vectors m and S by the dipole moment tensor D ab and the spin four-tensor S ab , respectively. In the same way we can generalize Eq. (12). Using Eq. (10) the generalized equation of motion for the spin four-tensor S ab becomes
g ab is the metric tensor. Eq. (13) (14) there, but Ref. 21 exclusively deals with components in the {e µ } basis.) Of course one can use the decompositions (1) and (2), or (9), to get the generalized equation of motion (13) (13) reduces to the equation
(cg S = γ S ) in the K ′ frame and the {e ′ µ } basis. The K ′ frame is also chosen to be the e 0 -frame, i.e., the observers who measure fields E a and B a move together with the dipole, v a = u a = ce ′ 0 and consequently
The relation (14) corresponds to the equation with the 3D quantities (12) . However, (14) is correctly expressed by the components of the 4D geometric quantities, while (12) is written with the 3D vectors whose transformations are the AT and not the LT and also it contains the coordinate time and not the proper time.
The relations (9), (10) and (11) with 4D AQs S ab , S a and Z a , D ab , m a and d a , and also Eq. (13), are the fundamentally new results that are not earlier mentioned in such a form in the literature. In my opinion the elementary particle theories will need to take into account the relations (9), (10), (11) and (13).
T AND P INVERSIONS AND THE WORLD PARITY W
In elementary particle theories the existence of an EDM implies the violation of the time reversal T invariance. Under the assumption of CPT invariance a nonzero EDM would also signal CP violation. As said in Ref. 22 : "it is the T violation associated with EDMs that makes the experimental hunt interesting." Let us briefly consider the connection between the EDM and the T invariance. Reversing time would reverse the spin direction but leave the EDM direction unchanged since the charge distribution does not change. In the elementary particle theories, e.g., the standard model and SUSY, the EDM direction is connected with a net displacement of charge along the spin axis, i.e., with an asymmetry in the charge distribution inside a particle, see, for example, Ref. From the viewpoint of this geometric approach neither T inversion nor P inversion are well-defined in the 4D spacetime; they are not good symmetries. For the position 4-vector as an AQ x a only the world parity W (for the term see, e.g., Ref. 23 ), according to which W x a = −x a , is well-defined in the 4D spacetime. In general, the W inversion cannot be written as the product of T and P inversions. But this will be possible for the representations of W , T and P in the standard basis {e µ }. It is easy to see that, e.g., T inversion is not well-defined and that it depends, for example, on the chosen synchronization.
As explained, e.g., in Ref. 14 (both papers), different systems of coordinates (including different synchronizations) are allowed in an inertial frame and they are all equivalent in the description of physical phenomena. Thus in Ref.
14 two very different, but physically completely equivalent synchronizations, Einstein's synchronization (3) and the "r" synchronization, are exposed and exploited throughout the paper. The "r" synchronization is commonly used in everyday life and not Einstein's synchronization. In the "r" synchronization there is an absolute simultaneity. As explained in Ref. 24 : "For if we turn on the radio and set our clock by the standard announcement "..."at the sound of the last tone, it will be 12 o'clock," then we have synchronized our clock with the studio clock according to the "r" synchronization. In order to treat different systems of coordinates on an equal footing we have presented the transformation matrix that connects Einstein's system of coordinates with another system of coordinates in the same reference frame. The general form of that transformation matrix is given in the second paper in Ref. 14, Eq. (4). Furthermore, in Ref. 14, we have derived such form of the LT which is independent of the chosen system of coordinates, including different synchronizations, Eq. (2) in the first paper in Ref. 14, or Eq. (1) in the second paper in Ref. 14. The unit 4-vectors in the {e µ } basis and the basis {r µ } with the "r" synchronization, (14) are connected as r 0 = e 0 , r i = e 0 + e i .
Hence, the components g µν,r of the metric tensor g ab are g ii,r = 0, and all other components are = 1. Remember that in the {e µ } basis g µν = diag(1, −1, −1, −1).
(Note that in Refs. (13) and (14) the Minkowski metric is g µν = diag(−1, 1, 1, 1).). Then, according to Eq. (4) 
Observe that x a = x µ e µ = x µ r r µ . (Obviously, the components of any 4-vector transform in the same way as in (16), e.g., for the components of
r . This can be explicitly shown.
In the standard basis {e µ } the matrix elements T 
This is clearly not a time reversal operation. In the {r µ } basis the components x µ T,r of the "time reversed" position 4-vector
and it holds that
.) This means that T inversion has not a physical significance, since it depends on the chosen synchronization. Only when Einstein's synchronization is used the time reversal has the usual meaning. However, different synchronizations are nothing else than different conventions and physics must not depend on conventions.
In general, the same holds for the P inversion. In the {e µ } basis P 0 0 = 1, P i i = −1 and all other elements of P µ ν are = 0. However, in the {r µ } basis the matrix elements P µ ν,r of the parity operator P , which are different from zero,
Obviously, in the {r µ } basis, P µ ν,r is not a spatial inversion. In that basis the components x µ P,r of the "spatially reversed" position 4-vector x a P = x µ P,r r µ are
and it holds that x a P = x µ P e µ = x µ P,r r µ . Obviously, the parity operator P also depends on the chosen synchronization and therefore it has no physical significance. Only when the standard basis is chosen in some inertial frame of reference P has its usual meaning.
On the other hand, the W inversion is properly defined since when
where 
where K = (1 + 2β r ) 1/2 , and β r = dx
r is the velocity of the frame S ′ as measured by the frame S, β r = β e /(1 − β e ) and it ranges as −1/2 ≺ β r ≺ ∞. ) I in (21) is the identity transformation. It can be easily checked that W (17) and (19) , respectively, are quite different than the usual ones from the {e µ } basis, i.e., different than the matrix elements of the usual T and P inversions. They do not describe the time and space inversions and the notations for all, except T P in the {e µ } basis, is not adequate.
It is worth noting that the same relations as in (21) (3) is unchanged under the proper inversion W . The W inversion is well defined symmetry in the 4D spacetime. This is drastically different than with the usual T and P inversions for the 3D vectors. For the T inversion of d and S see, e.g., the beginning of this section.
This fact that T and P inversions are not well defined symmetries in the 4D spacetime is one of the reason why, contrary to the existing elementary particle theories, the T violation, i.e., the CP violation, cannot be connected in our approach with the existence of an intrinsic EDM.
Another reason is that, as already said, neither the direction of d nor the direction of the spin S have a well-defined meaning in the 4D spacetime. The only Lorentz invariant condition on the directions of d a and S a in the 4D spacetime is d a u a = S a u a = 0. This condition does not say that d has to be parallel to the spin S. The above discussion additionally proves that the relations (9), (11) and (10) 
which shows that the "time-space" components in the {r µ } basis are expressed by the mixture of the "time-space" components and the "space-space" components from the {e µ } basis, e.g.,
(Similarly, it follows from (23) that F
. This is the reason why we always put the quotation marks in the expressions "time-space" and "space-space." One important consequence of (23) and (24) (1)- (11) are written in terms of 4D AQs, i.e., they are defined without reference frames. This means that 4D dipole moments d a and m a are well defined quantities in the 4D spacetime but, according to (2), they depend not only on D ab than on the 4-velocity of the particle u a as well. Hence, as already stated, D ab is the primary quantity; it does not depend on u a . (The same assertion can be stated for the relation between F ab and E a , B a , v a , as seen from (1).)
All this proves that in the "r" synchronization is not possible to speak about time and space as separate quantities. To repeat once again Minkowski's words, which are taken as motto for this paper: "Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows and only a kind of union of the two will preserve an independent reality." So, in the 4D spacetime, W inversion has an independent reality but not T and P inversions. Similarly, D ab has an independent reality but not the 3D dipole moments d and m. (The same refers to F ab and the 3D fields E and B.) By the explicit use of the "r" synchronization I have mathematically formalized Minkowski's words. Note that only in Einstein's synchronization the spatial and temporal parts of the interval between the two spacetime points are separated. The usual covariant approaches implicitly use only Einstein's synchronization and therefore the majority of physicists believe that T and P inversions taken separately are well defined symmetries. The similar conclusion refers to the 3D d and m and the 3D fields E and B.
SHORTCOMINGS IN THE EDM SEARCHES
The obtained results will significantly influence the interpretations of measurements of an EDM of a fundamental particle, e.g., Refs. 6, 22, 25. In all experimental searches for a permanent electric dipole moment of particles the AT of E and B, e.g., (6) , are frequently used and considered to be relativistically correct; i.e., that they are the LT of E and B. Thus, in a recent new method of measuring electric dipole moments in storage rings (6) the so-called motional electric field is considered to arise "according to a Lorentz transformation" from a vertical magnetic field B that exists in the laboratory frame; E ′ = γcβ × B. That field E ′ plays a decisive role in the mentioned new method of measuring EDMs. It is stated in Ref. 6 that E ′ "can be much larger than any practical applied electric field." and "Its action on the particle supplies the radial centripetal force." Then, after introducing "g-2" frequency ω a , (ω a = a(eB/m), a = (g − 2)/2 is the magnetic anomaly) due to the action of the magnetic field on the muon magnetic moment, they say: "If there is an EDM of magnitude d = ηhe/4mc ≃ η × 4.7 × 10 −14 ecm, there will be an additional precession angular frequency ω e = (ηe/2m)β × B about the direction of E ′ , ... ." The new technique of measuring EDM in Ref. 6 is to cancel ω a so that ω e can operate by itself. An important remark to such treatment is that the field E ′ is in the rest frame of the particle K ′ but the measurement of EDM is in the laboratory frame K. Similarly happens in Ref. 25 and many others in which 'motional magnetic field' B ′ = (γ/c)E × β appears in the particle's rest frame as a result of the AT of the E field from the laboratory. It is usually considered that (γ/c)E × β field causes important systematic errors. Thus, it is stated, already in the abstract, in the first paper in Ref. 25 : "In order to achieve the target sensitivies it will be necessary to deal with the systematic error resulting from the interaction of the well-known v × E field with magnetic field gradients ... . This interaction produces a frequency shift linear in the electric field, mimicking an EDM." The same interpretation with the AT of E and B appears when the quantum phase of a moving dipole is considered, e.g., Ref. 26 . For example, when the Röntgen phase shift is considered then it is asserted in the second paper in Ref. 26 that in "the particle rest frame the magnetic flux density B due to the magnetic line is perceived as an electric field"
This is objected in Ref. 5 . In the usual approaches with the 3-vectors it is also possible to get the interaction between B and d in another way, which is more conforming to a description in the laboratory frame K. According to that way the magnetic field B in K interacts with the MDM m that is obtained (10) They have to be replaced by the LT of the corresponding 4D geometric quantities. Then, the LT transform B µ from K again to B ′µ in K ′ , as in (8) As already said, it is seen from the last two terms in (3) that there is the direct interaction between the magnetic field B a and an EDM d a , which is required for the explanation of measurements in Ref. 6 . In order to describe that interaction in K one only needs to choose the laboratory frame as the e 0 -frame and then to represent the AQs B a and d a in that frame, as in Eq. (27) 
meaning in the 4D spacetime, since their transformations are the AT and not the LT. All this is discussed in more detail in the next section.
Accordingly, the experimentalists who search for an EDM, e.g., Refs. 6, 25, and, for example, those who observe the Aharonov-Casher phase shift, (28) will need to reexamine the results of their measurements taking into account the relations (3), i.e., (27) from Sec. 6.1, and (9), (10) and (11).
THE USUAL OBJECTIONS ARE NOT JUSTIFIED
At first glance the theory presented in this paper seems to be a purely speculative theory. Therefore some objections can be expected. Here we quote some typical objections which are from an anonymous referee's report: "Many EDM experiments have been carried out over the years in a wide variety of systems using a wide variety of techniques. If what the author claims is correct, the experiments would not have seen null results at the impressive level they have reached." Also, in the same report, it is said: "In the final section where the author explains the absence of v × E and v × B effects in his formulation, and that there are no mixing of components... but all of the effects that the author describes are accounted for perfectly well with the existing standard formulation."
Furthermore: "If, indeed, T -and P -symmetries are not good in 4D spacetime for the electromagnetic force, their violation would be observed clearly in the numerous particle physics and atomic physics experiments which have tested T -and P -symmetries to extraordinarily precise levels. Since symmetry violations are hallmarks of both the Standard Model and Supersymmetry, they are extremely well-probed by experiments. It cannot be the case that the symmetries are violated as the author describes."
The theory presented in this paper differs from the theory which is presently widely accepted. Therefore similar objections can be expected from many other physicists. However, it is worth noting that this geometric approach is truly relativistic and the principle of relativity is naturally satisfied in it. Namely, every 4D geometric quantity is manifestly Lorentz invariant quantity and consequently the same holds for physical laws, which are expressed in terms of such quantities. It is not so in Einstein's formulation (3) of special relativity in which the principle of relativity is postulated and it is assumed that physical laws written with the 3D vectors must satisfy it, e.g., Maxwell's equations with the 3D E and B. Moreover, Einstein derived the usual transformations, i.e., the AT, of the 3D E and B, (6), requiring that Maxwell's equations with E and B must satisfy the principle of relativity; they must have the same form in all relatively moving inertial frames of reference. That Einstein's derivation (3) of the AT of E and B is objected in Sec. 5.2 in Ref. 14 (second paper), where it is explicitly shown that such derivation is not mathematically correct. In the 4D spacetime it is not correct to require the validity of the principle of relativity for physical laws expressed by the 3D quantities.
In Secs. 6.1 and 6.2 some additional explanations will be given to show that referee's objections from the beginning of this section are not justified.
About the Results on the EDM Searches
The objections that refer to the shortcomings in the EDM experiments are not justified due to several reasons.
1) The usual transformations of E and B are not the LT As discussed in the preceding sections, particularly in Sec. 5, in all EDM experiments it is considered that the usual transformations of E and B (6), and of d and m, are the LT.
However, as exactly proved in Ref. 10 , both in the tensor formalism and the geometric algebra formalism, the usual transformations of E and B are not the LT than the AT. (Note that under the name LT I always consider only the boosts and not the whole Lorentz group.) For many physicists it is not easy to believe that the usual transformations of E and B are not relativistically correct. These transformations are quoted in every textbook and paper on relativistic electrodynamics already from the time of Einstein's fundamental paper,
and Lorentz's (29) and Poincaré's papers, (30, 31) and they are accepted by everybody as the LT of the electric and magnetic fields. However, the theoretical proof (10, 1) that they are not the LT but the AT is a fundamental achievement. As mentioned at the end of Sec. 2, the validity of that proof is essentially supported by the true agreement with different experiments. Moreover, the representation of the electric and magnetic fields by the 4D geometric quantities is obviously relativistically correct, whereas it is not the case with the usual representation with the 3D vectors, or with the components of F µν that are taken in a specific, i.e., the standard basis. Already a simple change of synchronization, i.e., the change of basis, completely destroys both the possibility to identify the components of the 3D E and B by the components of F µν , as shown at the end of Sec. 4, and the agreement with experiments.
Let us briefly examine the usual identification of the components of the 3D E and B by the components of F µν . Einstein's fundamental work (32) is the earliest reference on covariant electrodynamics and on the identification of components of F µν with the components of the 3D E and B in all relatively moving inertial frames. From that time such identification is assumed as relativistically correct and applied in every textbook on relativistic electrodynamics, see, e.g., the wellknown Jackson's textbook, Ref. 9 Sec. 11.9. Thus, it is considered that the components of 3D vectors B and E determine the space-space and the timespace components respectively of F µν in any inertial frame as
(In (25) the components of the 3D vectors B, E are written with lowered (generic) subscripts, since they are not the spatial components of the 4D quantities. This refers to the third-rank antisymmetric ε tensor too. We use the superand subscripts only on the components of the 4D quantities.) The assumption that the identification (25) holds in all relatively moving inertial frames means that the components of the 3D E and B transform under the LT as the corresponding components of F µν transform under the LT. Such procedure leads to the usual transformations, i.e., the AT, of the components of the 3D electric and magnetic fields, e.g., Eq. (6).
The 3D vectors B and E, as geometric quantities in the 3D space, are constructed multiplying the components F µν of a 4D geometric quantity F ab by the unit 3D vectors i, j, k, e.g.,
Such procedure shows that in all usual approaches an independent physical reality is attributed to the 3D vectors B and E as the primary quantities whose components determine the components of F µν . The objections to such procedure for the construction of B and E are considered in detail in, e.g., Refs. 10 and 7, see also Secs. 5-5.3 in the second paper in Ref. 14, and they apply (7) in the same measure to the construction of other 3D quantities, the 3D angular momentum L = r × p, the 3D torque N = r × F, etc..
(i) For example, an important objection is that there are not either the LT or the AT which transform the unit 3D vectors i, j, k into the unit 3D vectors
(ii) Furthermore, the simple identification (25) of the components E i and B i with the components F αβ is not a permissible tensor operation; permissible tensor operations with components of tensors produce components of new tensors, for example: a) multiplication by a scalar field b) addition of components of two tensors c) contraction on a pair of indices, ... .
Hence, not only that the transformations of the 3D vectors are the AT and not the LT, but also the common assumption that the components of the 3D E and B determine the components of F µν in any inertial frame is not relativistically correct. As already said at the beginning of Sec. 2 
where g is the determinant of the metric tensor g ab and ∂ a is an ordinary derivative operator. In the {e µ } basis and in the retarded formulation the solution F µν is given in Sec. 5.2 in the second paper in Ref. 14. Similarly the bivector F is determined from Riesz's equation
where ∂ is the gradient operator, see Eq. (4) in Ref. 2 . ∂F is the geometric product, ∂ · F is the inner product and ∂ ∧ F is the outer (or exterior) product. The formal solution for F is given by Eq. (7) 
yields in a correct way the 1-vectors E and B from the bivector F and the velocity (1-vector) v of the observers who measure E and B fields. So defined E a , B a (or E, B) are manifestly Lorentz invariant quantities, e.g.,
.. . On the other hand, the usual approaches deal with completely different picture. They define the components F µν in terms of the components of E and B, Eq. (25) . But, according to (ii) such an identification is not a mathematically correct procedure. Then, according to (i), they construct the 3D vectors E and B in two relatively moving inertial frames in an incorrect way.
All this together strongly indicates that in the 4D spacetime the electric and magnetic fields have to be represented by the 4D geometric quantities, which correctly transform under the LT, and not by the 3D E and B, which transform by the AT.
2) The interaction term is (3) and not E · d or B · m As already mentioned, in all EDM experiments the interaction between the electromagnetic field and the dipole moments is described in terms of the 3D vectors as E · d and B · m. Moreover, as discussed in Sec. 5, the 3D vectors d and m (and also E and B) are in the rest frame of the particle, whereas the measurements of EDM are in the laboratory frame.
In Refs. 15 and 21 the interaction term in the Lagrangian is written in the usual covariant approach (components in the standard basis) as −(1/2)F µν D µν . In both these references the usual identification (25) 15 are written in a low energy approximation with 3D E, B, d, m and the 3D velocity u (in our notation) of the particle. The same is with the forces f and f S , Eqs. (25) and (26) respectively, and these forces refer to the rest frame of the dipole. It is argued in Ref. 15 that the corresponding relations for the forces in, for example, the laboratory frame can be obtained by the LT to that frame. Such an assertion is not true since the transformations of the 3D E, B, d, m etc. are not the LT than the AT. Note that in Ref. 15 the 3D E, B, d , m are also from the particle's rest frame, as can be seen from the discussion after Eq. (4) (15) 
This is written in our notation in which the particle's rest frame is the K ′ frame and the quantities from that frame are the primed quantities. The ambiguity with the notation that is mentioned above is that L int (26) is in K ′ but at the same time that expression contains the particle's velocity u. This also shows that the formulation from Ref. 15 is not correct.
Since the measurements are in the laboratory frame (the K frame) we shall first choose the laboratory frame as the e 0 -frame and represent all AQs, E a , m a , B a , d a , ... from (3) in that frame. Hence, in the laboratory frame, which is taken to be the e 0 -frame, v µ = (c, 0, 0, 0) and consequently E 0 = B 0 = 0, see (1) . Then (3) becomes 
where, in contrast to (26) , all quantities are in the laboratory frame. It is assumed that the spatial components with upper indices from (27) correspond to the spatial components of the 3D vectors in (28) . Namely, the metric is diag(1, −1, −1, −1) and ε 0123 = 1.
In an unrealistic case when the rest frame of the dipole is chosen to be the e 0 -frame, i.e., when the observers who measure fields E a and B a move together with the dipole, v a = u a = ce ′ 0 and consequently
In the usual 3D picture it would correspond to
The corresponding 3D Hamiltonian is
H int (31) is the form of the Hamiltonian of the interaction which is frequently used in the comparison with the theory and in the interpretation of the results of EDM experiments. E ′ and B ′ in (31) are both in the rest frame of the dipole and they are in all usual approaches expressed in terms of the laboratory fields using the AT of E and B. Observe, once again, that L int (30) and H int (31) refer to the case when the observer who measures fields E ′ and B ′ "sits" on the moving dipole.
In the 4D geometric approach presented in this paper the expressions like (28), (30) and (31) are meaningless, because there are no 3D vectors in the 4D spacetime. The relativistically correct 4D expressions are (27) in the laboratory frame (or, neglecting terms of the order of u 2 /c 2 , L int (27) without last two terms) and (29) in the rest frame of the dipole, when it is at the same time the e 0 -frame. They are derived from (3), while that L int (3) is obtained using mathematically and physically correct decompositions (1) and (2).
3) g-2 experiments deal with the AT and the 3D vectors
It is also argued in previously mentioned referee's report: "The author attempts to escape any contradictions by putting all anomalous behavior in the electric dipole moment sector, claiming that 'any fundamental particle has not only the intrinsic MDM m a , but also the intrinsic EDM d a whose magnitude is (1/c) of that one for m a .' However, the combination of electric and magnetic fields commonly employed in g-2 experiments would certainly rule out any anomalous effect of the size claimed by the author." Some g-2 experiments are discussed in first two papers in Ref. 13 , Sec. 4.4. There, Bailey's experiments (33) are discussed in more detail, but that discussion will not be repeated here. Only some main points will be exposed.
Firstly, it is explicitly shown in Ref. 14, particularly the second paper there, and Ref. 13 , that both the Lorentz contraction and the time dilatation are the AT. They are not relativistically correct transformations and they have nothing to do with the LT, i.e., with the theory of relativity as the theory of the 4D spacetime with the pseudo-Euclidean geometry. In the 4D spacetime it is not possible to compare two separately taken temporal distances as in the time dilatation or two separately taken spatial distances (synchronously determined for the observer) as in the Lorentz contraction. The main relation that is used in Ref. 33 for the determination of the time-dilatation factor γ is
where τ is the muon lifetime in flight and τ 0 is the lifetime at rest. All results in Ref. 33 are critically dependent on that relation, but the detailed analysis in Refs. 14 (particularly the second paper) and 13 exactly proves that such relation is meaningless in the 4D spacetime. τ and τ 0 in Eq. (32) do not refer to the same set of events and they are not the same quantity for two relatively moving observers. To paraphrase Gamba: (34) "As far as relativity is concerned, quantities like τ and τ 0 are different quantities, not necessarily related to one another. To ask the relation between τ and τ 0 from the point of view of relativity, is like asking what is the relation between the measurement of the radius of the Earth made by an observer S and the measurement of the radius of Venus made by an observer S ′ . We can certainly take the ratio of the two measures; what is wrong is the tacit assumption that relativity has something to do with the problem just because the measurements were made by two observers." Similarly Gamba (34) stated for the Lorentz contraction: "Although it is completely useless concept in physics, it will probably continue to remain in the books as an historical relic for the fascination of the layman."
Instead of the Lorentz contraction and the time dilatation the relativistic correct 4D quantity is introduced, the spacetime length l, e.g., Eq. (4) in the first paper in Ref. 13 or Eq. (3) in the second paper in Ref. 14.
(However, it has to be noted that the definition of the spacetime length in these equations and in other equations in Refs. 13 and 14 has to be replaced by the definition with the absolute value. Instead of l = (g ab l a l b ) 1/2 from Refs. 13 and 14 it has to be written
where l a (l b ) is the distance 4-vector between two events A and B, l a = l a AB = x a B − x a A , g ab is the metric tensor, g ab = g µν dx µ ⊗ dx ν , where dx µ ⊗ dx ν is an outer product of the basis 1-forms.)
The radioactive-decay law that is used in experiments, (33) and in all other g-2 experiments, see, e.g., Ref. 35 , is always written with the coordinate time t, i.e., as
This form of the law is not relativistically correct since it explicitly contains the time t, i.e., x 0 component in the {e µ } basis. Hence, the law (34) is not invariant in form under the LT, which means that the principle of relativity does not hold for that law. Furthermore, in the given inertial frame of reference the form of the law depends on the chosen synchronization and it is of quite different form in the {r µ } basis.
The relativistically correct radioactive-decay law is written, e.g., in the first paper in Ref. 13 , Eqs. (17) and (18) . We write Eq. (18) from that paper in the
All quantities in (35) are 4D AQs and thus independent of the chosen reference frame and of the chosen system of coordinates in it. l OA is the spacetime length l (33) between two events; the event O -the event of creation of the considered particle, e.g., of a muon, where the flux N 0 is measured and the event A -the event of arrival of the muon at the spatial point where the flux N is measured, (35) is in a full agreement with experiments, which are complete from the point of view of the 4D geometric approach. Some measurement is complete when all parts (components) of a 4D geometric quantity, e.g., l, that enters into a physical law, e.g., Eq. (35) (33) and many others, are not complete in that sense, see the first two papers in Ref. 13 . In the second paper in Ref. 13 it is shown that the flux N predicted by the usual form (34) in the "r" -synchronization differs from the corresponding one in the Einstein synchronization and, moreover, in the {r µ } basis the predicted N is very different than the measured N , see Eq. (29) in the second paper in Ref. 13 . When the form of the radioactive-decay law with AQs, (35) , is used then the fluxes N predicted by the use of both synchronizations are equal and, moreover, they completely agree with the measured flux N .
It is interesting to note that despite of mathematically and physically clear proof (14, 13) of the relativistic incorrectness of the Lorentz contraction and the time dilatation they are still accepted by physics community as very important, intrinsic, relativistic, effects. Rohrlich's, (11) Gamba's (34) and my papers (14, 13) remained practically unnoticed. The leading physical journals frequently publish more and more precise tests of the time dilatation, e.g., Ref. 37 , and, at the same time, these tests are considered as the precise tests of the special relativity.
The reasons for such a situation are different, but one of them is similar to that one expressed by Rohrlich.
That reason is stated by Rohrlich (38) in connection with the electromagnetic momentum, energy and mass, but it can be applied in the same measure to the problems with Eq. (32) and with the Lorentz contraction: "Unfortunately, both existing textbooks and original papers are not always free of errors or misleading statements on this matter. A good deal of this confusion is due to the fact that errors made by great physicists of the past are taken over into textbooks in an uncritical way."
At this point let us make a digression. In Sec. 3 in Ref. 39 it is proved that the conventional definitions of the electromagnetic energy and momentum are not covariant definitions, since they are synchronous definitions, which use the AT of volume elements, i.e., the Lorentz contraction, and the AT for E and B. In Sec. 4 (39) it is shown that neither Rohrlich's (38) relations for the electromagnetic energy and momentum define a legitimate 4-vector, since the electromagnetic field tensor F αβ is expressed in terms of E and B and the AT for E and B are used. The same happens with Gamba's (34) expressions. In Ref. 39 the covariant expression for the symmetric energy-momentum density tensor T µν , Eq. (8), (39) is obtained by means of the 4-vectors E α and B α . The "pure electromagnetic" 4-momentum P µ f , Eqs. (6) and (8) in Ref. 39 , with E α and B α is shown to be a legitimate 4-vector. P µ f refers to the same quantity considered in different inertial frames of reference, since all parts of it are transformed by the LT from an inertial frame K to relatively moving inertial frame K ′ . Also, it is shown (39) that the spurious factor 4/3, appearing in the problem of the electromagnetic mass of the classical electron, does not appear in the covariant approach with E α and B α . However, it is worth noting that the 4D quantities from Ref. 39 are not geometric quantities, but they are written in the component form in the standard basis as in the usual covariant approaches. A much more general, observer independent, form is given in Ref. 2 in terms of the bivector F (Clifford algebra formalism). There, it is shown that the most important quantity for the momentum and energy of the electromagnetic field is the observer independent stress-energy vector T (n); T (n) is a vectorvalued linear function on the tangent space at each spacetime point x describing the flow of energy-momentum through a hypersurface with normal n = n(x). That T (n) can be expressed by the observer independent energy density U contained in an electromagnetic field
(39), (2) and the observer independent expression for the Poynting vector (1-
2 n , Eq. (40), (2) as T (n) = U n + (1/c)S,
Eq. (41).
(2) The divergence of T (n) is zero, ∂ · T (n) = 0, for the free fields, what is the most general form for local energy-momentum conservation law. When expressed in terms of U and S this law becomes (n · ∂)U + (1/c)∂ · S = 0, what is the well-known Poynting's theorem written by means of observer independent 4D quantities. Inserting the decomposition of F (??) into U , S and T (n) one can find the expressions for them in terms of 1-vectors E and B. We emphasize once again that all quantities in the quoted expressions are 4D AQs, i.e., observer independent 4D quantities. However, to get the usual covariant expression for the symmetric energy-momentum density tensor T µν , e.g., Eq. (47) in Ref. 2 and Eq. (7) in Ref. 39 , from T (n) one has to write the stress-energy vectors T µ in the {e µ } basis as T µ = T (e µ ) = (−ε 0 /2)F e µ F . The components of the T µ represent the energy-momentum tensor T µν in the {e µ } basis T µν = T µ · e ν = (−ε 0 /2) F e µ F e ν , which reduces to familiar tensor form
The third point can be concluded stating that the results from Ref. 33 , and from all other g-2 experiments that normally employ the relations (32) and (34) in their analyses, cannot be taken as relevant in testing the special relativity as the theory of the 4D spacetime. This also means that, contrary to the above referee's objection, the results obtained in g-2 experiments cannot be taken as relevant in searching for an EDM as a 4D geometric quantity.
4) The Lorentz force and the torque are not the 3D vectors but the 4D quantities (37) and (36) In Ref. 6 it is stated: "To measure the EDM experimentally, the particle should be in an electric field which exerts a torque on the dipole and induces an observable precession of its spin." However, the expressions for the torque and the Lorentz force that are required for the theoretical determination of the spin precession frequency are always given in terms of the 3D E and B.
As mentioned at the end of Sec. 2, in the approach with 4D AQs the expressions with the 3D vectors have to be replaced by the corresponding 4D expressions, the torque four-tensor 
The meaning of the 4-velocity v a is the same as in the decomposition of the angular momentum four-tensor M ab (4), or in the decomposition of 
Eqs. (43-45) in the second paper in Ref. 14. Speaking in terms of the prerelativistic notions one can say that, in the geometric approach with E a and B a , K a L,⊥ plays the role of the usual Lorentz force lying on the 3D hypersurface orthogonal to v a , while K a L, is related to the work done by the field on the charge. However, in the geometric approach with 4D AQs only both components together do have a physical meaning and they define the Lorentz force both in the theory and in experiments. It can be seen from (37) that in the e 0 -frame, i.e., in the frame of "fiducial" observers who use the standard basis
; they correspond to the usual components of the 3D Lorentz force. Hence, in the e 0 -frame the whole
It is visible from (38) that even in the e 0 -frame, when the comparison with the usual approach with the 3D quantities is possible, the 4D Lorentz force contains not only the spatial components but the temporal component as well.
As Minkowski said, in the 4D spacetime an independent reality is attributed only to the whole 4D quantity and not to its spatial and temporal parts. (Observe that the temporal component in (38) is u/c of the component qE i .) On the other hand, in all EDM experiments an independent reality is attributed to the 3D Lorentz force F L = qE + qv × B, to the 3D angular momentum L = r × p and to the 3D torque N = r × F, which are connected as N = dL/dt, and to the 3D spin S with its equation of motion (12 (12) that the principle of relativity is violated and there is no agreement with experiments when the 3D quantities E, B, F L , L and N and the equation of motion for L, N = dL/dt, are used, while there is a true agreement with experiments and the principle of relativity is naturally satisfied when all these quantities are replaced by the 4D geometric quantities and when the equation N ab = dL ab /dτ is used. Taking into account all four points together we can say that it is not true that "all of the effects that the author describes are accounted for perfectly well with the existing standard formulation." In EDM experiments the null results are obtained with relativistically incorrect 3D quantities and their AT. This means that such null results do not prove the validity of the Standard Model. If correctly interpreted with 4D geometric quantities they could give the existence of an EDM of the size predicted by (11) . Thus, the fact that no EDM has yet been found, even with different highly sensitive experimental methods, does not necessarily mean that there is no EDM of the size predicted by (11) . Namely, EDM which is investigated in such highly sensitive experiments refers to d ′ from (31) and, moreover, that d ′ is assumed to be proportional to the usual 3D spin S ′ . But, as explained above, neither (31) is relativistically correct nor an EDM is determined by the 3D spin S ′ ; it is determined by the relativistically correct espin Z a .
About the Results on T and P Inversions
From the point of view of the usual formulation one could object the results from Sec. 4 on T -and P -symmetries in the same way as in an anonymous referee's report that is mentioned in Sec. 6. The main point will be repeated here: "If, indeed, T -and P -symmetries are not good in 4D spacetime for the electromagnetic force, their violation would be observed clearly in the numerous particle physics and atomic physics experiments which have tested T -and P -symmetries to extraordinarily precise levels." This is a nice example of a misunderstanding and a misinterpretation of the results presented in Sec. 4 . Unfortunately, such a misunderstanding can be expected from many other physicists.
Firstly, I never said that T -and P -symmetries are violated, since I do not know what are T-and P-symmetries taken separately. In general, they do not exist as separate symmetries. What I say in Sec. 4 is: "... neither T inversion nor P inversion are well-defined in the 4D spacetime .." and "In general, the W inversion cannot be written as the product of T and P inversions." Similar ideas about T , P and W inversions have been raised by Arunasalam in Ref. 23 . He has shown in both papers: "... that some sections of the invariance (or symmetry) principles, such as the space reversal symmetry (or parity P) and time reversal symmetry T (of elementary particle and condensed matter physics, etc.), are not really truly Lorentz covariant and hence are dependent on the chosen inertial frame; while the world parity W (i.e., the spacetime reversal symmetry PT) is a truly Lorentz covariant concept, the same for all inertial observers. The basic reason for this is that in the Minkovskian space-time continuum frames of special relativity (in contrast to the space and time frames) one cannot change either space or time keeping the other one fixed and also maintain the causality requirements that all world space mappings should be timelike." Furthermore, according to Ref. 23 , in the Einstein-Minkowski special relativity the covariance (i.e. the form-invariance) of physical laws "is required only under the restricted Lorentz group of transformations (and, in particular, with respect to the pure proper ortochronous or the Einstein Lorentz transformation matrix or the boost L)... . ...Since no Lorentz transformation in one component can be connected to another in another component, the special theory of relativity cannot require the physical laws of nature to satisfy any requirements whatsoever with respect to other three components of the full Lorentz group, since in the Einstein-Minkowski view we already require their Lorentz covariance with respect to the boost transformation L." On the other hand, as explained in Ref. 23 , the Einstein-Minkowski view "is in sharp contrast to the Dirac-Wigner and Lee-Yang, etc. view, according to which it is sufficient for the laws of physics to predict Lorentz invariant results even though they themselves may not necessarily be expressible in a Lorentz covariant manner." In this second formulation, which includes, e.g., "Dirac's relativistic quantum theory and the corresponding quantum electrodynamics as well as Wigner's group theory and the corresponding invariance or symmetry principles .." "the mathematical structure of the equations, classical dynamic variables, and the corresponding quantum mechanical Hermitian operators ... are dependent on the chosen Lorentz inertial reference frame (i.e., they have no significance independent of the frame)." However, as pointed out by Arunasalam, (23) "At present, however, we are all following the former (i.e., Dirac-Wigner) view." This difference between the mentioned views is also mathematically examined in Ref. 23 . It is shown, see Eq. (10) in the first paper in Ref. 23 , that: ".. any symmetry operation M is manifestly Lorentz covariant (i.e., will appear form invariant) if and only if it commutes with the Einstein Lorentz transformation matrix (i.e., the boost) L and this mapping will not depend on the particular inertial frame one may happen to choose." As proved in Ref. 23 , this kinematic symmetry requirement is fulfilled by the world parity W = PT = TP = −I, but not by T or P taken separately.
In Ref. 23 the usual covariant approach is used, i.e., it is exclusively dealt with components in the standard basis. In such an approach it is shown that a pure parity operation and a pure time reversal operation to one inertial observer are not a pure parity operation and a pure time reversal operation respectively to another inertial observer. In the 4D geometric approach which is presented in this paper the Einstein-Minkowski view and Arunasalam's ideas are significantly generalized. When physical quantities are represented by 4D geometric quantities then the principle of relativity is naturally satisfied. The physical laws are manifestly Lorentz covariant. Our W , defined by W x a = −Ix a , is more general than Arunasalam's W, i.e., P T , since it is independent of the chosen reference frame and of the chosen basis in it. Only in an inertial reference frame with the standard basis {e µ } it becomes the usual P T . All this is clearly visible from (21) . Not only that T It is worth noting that the terminology in Ref. 23 is different than in this paper. Arunasalam does not deal with geometric quantities. His "Lorentz invariant theory," i.e., the Dirac-Wigner view, is completely different than our Lorentz invariant theory, which is a geometric formulation in which all quantities are 4D geometric quantities and thus manifestly Lorentz invariant quantities. As already mentioned this geometric approach is much more general than the covariant approach from Ref. 23 . Furthermore it has to be pointed out that, contrary to Arunasalam's assertions, Einstein's formulation is not a correct covariant formulation of physical laws. Firstly, as already discussed, Einstein considers that the principle of relativity must be satisfied even for physical laws written with 3D quantities. Secondly, Einstein deals with the AT of the spatial and temporal distances and the AT of the 3D E and B.
All this together strongly indicates that the fact that the experiments have tested T -and P -symmetries (Dirac-Wigner view) to extraordinarily precise levels does not prove in any way the validity of the usual formulation with T -and P -inversions and their violations.
CONCLUSIONS
In conclusion, we believe that the new results (9), (10), (11) and (13) that are obtained in this paper, together with the expression (3) for the interaction term, (1) will greatly influence different branches of physics, particularly elementary particle theories and experiments, and also theories and experiments that treat different quantum phase shifts with dipoles. It is worth noting that the relations (4), (9) and (11) are generalized to the quantum case and the new commutation relations for the orbital and intrinsic angular momentums and for the dipole moments are introduced in Ref. 40 .
